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[57] ABSTRACT 

An image reading device comprises a line sensor that moves 
in an auxiliary scanning direction, a resolution setting device 
which sets the resolution of the line sensor in the auxiliary 
scanning direction, an exposure correction value setting 
device that sets an exposure conecdoa value when the 
image is read, and a control device that performs exposur e 
cCTTcctiop bv multicaving the naoving >^oyy or me li ne 
sensor and the accmp "'»Hnn rime of the line sensor by 
Affection factors , lb cacrect the base copcentration while 
reducing the effects of deterioration of the S/N ratio and 
level-skipping, a rough adjustment of the exposure is con- 
ducted by a gain circuit a fine adjustment is conducted with 
reference to a first look-up table, and a further fine adjust- 
ment of the original document base concentration is con- 
ducted with reference to a second look-up tabic. 


25 Claims, 5 Drawfaig Sheets 
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IMAGE READING DEVICE AND METHOD FIG. 6 is a characteistics diagram of WB(n) of the present 

FOR CORRECTING IMAGE EXPOSURE Invention; 

DATA FIG. 7 is a characteristics diagram of LV(n) of the 

prcfcned embodiment c£ the present inventioa; and 
BACKGROUND OF THE INVENTION 5 pjQ ^ ^ flowdiart according to the present invention. 

1. Rddofthclnvcntiwi DETAILED DESCRIPnON OF PREFERRED 
The present invaitiQn relates to image reading devices EMBODIMENTS 

and, in particular, to an image reading device that perfoims 

adjustments of image exposure data. lo ^ prcforcd embodiment of the prescmt mvention is 

2. Desaiption of Related Art hereafter, with reference to the drawings. 

In conventional image reading devices, image exposure '^'^^.^J^^;:,^'^'^^^ 
dataisadjustedby a^circaltmdafirstloo^^ ^ff^ ^ original d^micnt 20 (^G, 2). l^e mput 

S Jal docuLnt base concentration is adjuited using a Ught rays reflected from ongmal <toc^ are 

mc wtjyuoiwjw^iB. J © supplied to CCD line sensor 1 via leas 23. The mput image 

second look-up table. " UdTrays are photoclectrically 

However, in conventional miagc reading devices, the j became electrical analog signals. The analog 

adjustment by Ac first and second loolwq) tables must signals ^ converted to digital signals by an A/D convertcx 
coinddc. Tins results in images being formed in only a '^^^ ^ ^ ^ ^ 
narrow potion of the input exposure range, which dctoio- n^ccssins circuit 3 and FIFO buffer 4. 
rates signal-t<^noise (SW) ratio ai>d causes level skipping. ^ ^ one line has been completed, stepping 

SUMMARY OFTHE INVENTION motor 7 is controlled by CPU 5, and CCD line sensor 1 

moves to the next reading position in the auxiliary scanning 

In consideration of the forgoing problems, it is an object <ti,ection (the direction indicated by arrow a in FIGS. 2 and 
of the present invention to provide an image reading device ^ 5 controls driving of st^fdng motor 7 by the 

that reduces the effects of S/N ratio deterioration and level stepping motor drive circuit «. Stq^puig motor 7 drives 
skq)ping even though the image exposure data is roughly caniage 24 in the auxiliary scanning direction by the timing 
adjusted using a gain circuit and finely adjusted using a first 28, timing pulley 29, timing belt 30 and connecting 

look-up table, and the original document base concentration niembcr 31. CCD line scnscr 1 is mounted on carriage 24, 
is further refined using a second look-up table. ^ moves in the auxiliary scanning direction while being 

To achieve the aibove objective, the image reading device guided by guide plate 25 and guide shaft 26. 
acoordiiig to one aspect of the present invention comprises qq^ sensor 1 perfcnns reading of one line in the 
a line sensor that moves in an auxiliary scanning direction, primaiy scanning direction and then moves to the next 
a resolution settiiig device that arbitrarily sets the resolution position in the auxiliary scaiming direction by stepping 
of the line sensor in the auxiliary scanning direction, an 35 j^^^^^ 7 entire single sheet of original document 20 is 
exposure correction value setting device that sets an expo- ^ repeating this process. 

sure ocHTcction value when the image is read, and a contrd ^ ^^^^ invention, the exposure and the resolution 
device that performs image exposure data correction. ^ ^ auxiliary scanning direction have the foUowing rela- 

When the moving velocity of the line sensor has been set tionshQ): 
to Sxa" based on the resolution set by tiie resolution setting 40 
device, the accumulation time of the tine sensor is conq)uted 

and a level exposure correction value of -Hn is set by the tiii»=i/(w£Kpiixspd) (i) 

exposure correction value setting device, and die moving vvhere* 

velodtv of the line sensor is multiplied by l/aT and the , ' . ^ , ^. ^. * ^-v^ u 

vciucxty w luiw i«^i>wi ti K*. v» K« . time is the accumulation tune of the CCD line sensor 

accumulation time of the bne sensor is multipbed by aT by 43 

the control device. Consequentiy, cocrecticm of the base (msec), 

concentration can be performed while reducing Ae effects of rcf is the reading resolution (#1), 

S/N ratio d^crioration and level sfc^ping. pit is the cania^ scroB pitdi (inch), and 

These and other amects and advantages of flic present q>d is the carriage scroU velocity (pps). 

invention are described or qjparent from ttie fdlowing so By using the stepping motor 7 for sffolling the carnage 
detaQed description of themferrcd embodiments. 24, speed control can be conducted by open lo<^ control 

^ l^oviding for an extremely simple configuration. However, 

BRIEF DESCRIPTION OFTHE DRAWINGS freely controlling the speed of stepping motor 7 in a con- 

The preferred embodiments are described with reference tiauousmani«rls «*P«^ 

to the tawings in whidi: « production. Accordingly U is des^ for the motor 

Z!L 1. r . V • ^ I t< Lbe op e rated at several predetermined speed s. 

FIG. 1 is a block and hne diagram showing a preferred RyiSng Equation 1. IfA e carriage scrolling speed is set 
embodiment <rf an image reading device accordmg to the at vedetemioed speeds and^ realiing r^^^ 
present invention; t £dc(l then tte aeammlAtion Hmt di the LCb line se nio r 

FIG. 2 is a frontal view of an image reading device ^ may be varied. ~ 

according to the present invention; Siq^pose, exampie, the scrolling speeds of carriage 24 

FIG. 3 is an oblique view of an image reading device to be a ^ometric series witii a factor of 2 (SPDl. SPD2 
according to the present invention; (Sn>Iy2), SVT>3 (SPD2x), . . . ). The accumulation time 

FIG. 4 is a characteristics diagram having three levels of may be varied within a width of a factor ctf 2 by the 

scrolling speeds according to the present invention; 65 resolutioo setting means because the scrolling speed of 

FIG. 5 is a Wock diagram showing a gain circuit of the carriage 24 is switched at the level where the accumulation 
present invention; time must exceed &c factor of 2. 
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As shown in FIG. 4, if tbrce levels of scrolling speeds As described below, the ensure setting sequence of 

(SPDl, SPD2 and SPD3) arc set, tten thepcnnissiblc setting CPU 5 is described widi reference to the flowchart shown in 

fange trf the reading resolution setting means will have a FIG. 8. The exposure setting is conducted, for exani^in 

width of 2^ when the reading resolution is selected so fliat a scanner in which the reading resolution can be freely 

the accunmlation time ranges from TIMEl to TIME2. 5 sdccted within the range 50 to 200 dpL The gain is consid- 

Using this method the image eicposurc causes the gain cred to be in four levels, with the Increase m anq>lification 

(anmiification rate) ctf the output signal from the CCD line rate being 1 3xper IcveL TTiese gains wiU be called No. I to 

sensor 1 to continuously vary with respect to toe accumu- No. 4. starting with the lowest an^lification rate. The 

lation time. However, because costs become cxttemely large cairiage speeds are taken to be a geometric sequence with a 

when the gain Is continuously varied, the gain is set at factcs of 2^^. 

several predetcmuned levels in increments of 20-30%. As Hrst, when the program starts, the reading resolution, ref , 

shown in FIG. 5, the gain may be set to four Icveb by a gain auxiliaxy c«>nfring direction is obtained (step SI) and 

dicuit 15. Gain drcuit 15 is wcQ known in the ait« so a t^y ^ operation of an operation panel 16 (EIG. 1). Next, 

detailed description is omitted here. ¥os exan^le. gain ^ carriage scroll velocity, spd, is detcnnined 

drcuit 15 may be connected between CCD line sensor land from the reading resolution in the following manner 

A/D convener 2 and a switching signal (gain setting signal) " 
may t>e supplied from CPU 5. 

Image exposure data that has undergone a rough adjust- 
ment by the gain circuit 15 is further adjusted using a first 
lo<^-iq> table (LUT). An accumulation time and gain are 
determined for a given resolution. FIG. 6 shows the output 
level WB(n), oi the white chart when the image exposure is 
determined by the first LUT using the determined accumu- 
lation time and gain. Nwfamax corresponds to the brightest 
point obtained in the image where the first LUT outputs a 
WB(n) value of 255. Thus, an appropriate image exposure 
value is obtained by passing the image through the first LUT. 

However, when the original document 20 is a reflective la step S3, the accumulation time is computed usmg 

original document, the paper may have several base con- Equation 1. Next, die carriage moves to the whUe diart (step 

centratioos. FurAer, when original document 2« is a trans- S4) and the gain is set to 1 (st^ S5). 

missive document, the paper may have a zero base conccn- 30 In step S6, the white diart data is ii^nit In step S7, flie 

tratioo of film. As a result, the paper may have a base dctcrminatioD is made as to whether the white chart maxi- 

concentiation of approximately 0. 1 to 0.3. Thus, when an mum output vahie exceeds a standard vahie limit, Nccf (e.g. 

image within this range is read under white chart estposure 240). When the chart maxinuim output value exceeds 

conditions, the image becomes dark naturally by the amount Nref, the CPU moves to stq> SIO. When the white diart 

of base concentration. 35 maximum output value does not exceed Nref, the CPU 

In order to solve this problem, a coerectioD is made using returns to step S4dq)ending on the resuU of step S8 and after 

a second LUT. HG. 7 shows the ou^t level, LV(n), when pofonning step S9. ^ ^ ^ 

die exposure is determined by the second LUF. Nhstmax m step SS, the dctomination is made as to whether die 

corresponds to the bri^tcst point obtained in the image gain is a maiimum , When the gain is not a maximum, the 

where the second LUT ou^ts a LV(n) vahie of 255. Tluis, 40 CPU returns to step S6 after boosting die gain by 1 level m 

an appropriate image cxposirc vahie is always obtabed by step S9. When the gain is a maximum, a light quantity 

passing the input image through the second LUT. dcfidcncy error process is performed in step S16 and the 

Howevef , the image can be formed only in a narrow program terminates, 

portion of the input range and the S/N ratio deteriorates and In step SIO, a determination is made as to whc&cr the 

level sapping occurs. To ccmect this problem, die speed of 43 gain is I if die maximum ou^ value exceeds Nref. When 

stepping motOT 7 is more finely divided. Foi exanqile, the the gain is 1, a light quantity over-abundance cnoriffoccss 

spwX is set to a power of 2"^ (»=2'^). In the above is pcrfonned in step S17 and die program terminates, 

geometric scries widi a power of 2, a fluctuation in Nwteiax When Ae gain is not 1. the CPU moves to step S12 after 

occurred in die range 255-128. Howeva, using a geometric lowering the gain by one level in stq> SU. 

scries with a factor of 2*^, die fluctuatian of Nwteiax 50 In step S12, toe obtained gain and accumulation time are 

occurs only in die range 255-202. determined. In step S13, Mliite chart data is once more 

When a base concentration is generated the motor q>ecd extracted at toe obtained gain and accumulation time to find 

is decreased by 1 to 3 levels after toe oq>osure is determined. toe m axi m u m value Nmax. WB(n) of the LUT (FIG. 6), 

Using these exposure conditions as a standard, toe aocuimi- which outputs toe white standard measurement vaUie at a 

lation time is also increased by a similar amount to satisfy 55 maximum vahic Nmax, is created in step S14. When toe 

Equation L Thus, it is possible to ccaect toe exposure in indication is that die ensure oonrcctoon U d levels, toe 

units of >/> EV. By so doing, toe effects erf S/N ratio mota speed is decreased by n levels, toe accumulation time 

detoioration and level skipping are i«biced, making it is multiplied by 2*^ (step S15), and the program aids, 

possible to form an image eliminating tiie effects of toe base When toe above actions are aocompbshed fa: each coloc, 

concentration component on toe order of O.L 60 an output balance for each color is obtained in addition to 

In general when toe factor of toe motOT speed is a, toe determining the exposure. Consequently, toe white balance 

exposure coffcction amount f<s one level is log^a EV, and is also adjusted au t oma ti cally. 

toe base concentration component concction is log^^ Tlius, While tois invention has been d^cribed m conjunction 

it becomes possible to cotitlnuously set the resohition wito wito specific embodiments tocreot it is evident tfiat many 
a s iimde conSoi usm^ tot IWMM tooloc 7 , even toodgTffie 65 alternatives, modifications and variations will be apparent to 
mStor ^}eed and g£ dro^^ls are restricted to several toosc skilled in toe art Accordingly, toe preferred cmbodi- 

levels, to fHovide a high quality image reading device. mcnts of toe invention as set forto herein are intended to be 
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mustrative, ^ limiting. Various changes may be made IL m im^ reading device according to daun H, 

without dcnarting&om the ^t and scope (rf the invention frnthw con^irlsing. . ^. ^ . 

as definite foflowing claims. gain adjustment means for pofoimlng a gain adjustment 

Whatisdaimcdis: of said image signal read by said sensor means; 

1. An image reading device, comprising: 5 gfst fine adjustment means fts adjusting said image signal 
a line scosor having a moving velocity in an auxiliary j^jq ^aid gain adjustment means; and 

scanning direction and an accumulation time for icadr second fine adjustment means for adjusting said image 

ing an image on a document and outputting an image ^ adjustmoit means, 

signal; 12. The Image reading device according to claim 9, 

a resolution setting device, coupled to said line sensor, for lo ^^^^ sensor means comjwlscs a diargc coupled 

setting a resolution of said line sensor device. 

an image signal level aarcction value setting device, f^aagp reading device according to claim 9, 

coupled to said resolution setting device, for setting an conqxising a signal converting means foi converting 

image signal level concction value of said image ^ analog input signal firom said sensor means to a digital 

sigMl; and output signal .11 

a control device, coupled to said image signal level 14. ttjc image reading device according to daun 13, 
ccCTCction vahie setting device, for calculating a mov- Anther comprising an image processing means for process- 
ing vdodty and die accumulation time of said line j^g tiie digital output signal from said analog-tonli^ 
sensor in accordance with said resolution and said converter and for providing an image signal to a buffer 
image signal level aarecrion vaUic. means connected to said control incans. 

2. The image reading device according to daim 1, 15. ibc image reading device aoccmhng to daim 5P, 
wherein the moving velocity is multijdied by a first factor furflicr canprising a motor means connected to said control 
and the accumulation time is multipUcd by a second factor. nicans for moving said line sensor in tiie auxihary scanning 

3 The image reading device according to claim l,finther (1^^ 

coniirisi^ 16. "nxc image reading device acoordmg to daim ^. 

aVain dicuit that pafonns an adjustment of said image wherein said motor means moves said sensor incans m the 

signal read by saS line sensor; auxiliary scanning diredion by driving a <^<^ ' 

a firrt look-up t^etl^ adjusts said i^^ "^/TlSTfc^S^^^^ 

said first looc-up tame. , , 

4 The image reading device according to daim 1, doaiment, composing the steps of . 
whcicin said line scnsOT comprises a charge coupled device, setting a resolution of said line sensor, 

5 The image reading device according to daim l,fimhcr 35 sdSin^ an image signal level cocredion value of said 
comprising an analog-to-digital converter that converts an signal which is outputted from said line sensw; 
analog ii^nit signal fi-om said line sensor to a digital ouq>ut pn|^,i«ring a moving vdodty and ttie accumulation time 
signal . ^ of said line senses in accordanoc with said resolution 

6. The image reading dc:vice acocsding to claim 5, further ^ j^^^ j^^l correction vahie; and 
con?xrising an image processing circuit tiiat F^^ssesAc ^ oonecting a moving vdodty and an accumulation time of 
digital output signal ftom said andog.u>^ ^^sen^ 

and provides an image signal to a flist-in first-out butter method acconUng to claim 17. herein said 

connected to said cOTtrol device. , ootrectins step corrects die line scanner vdocily and mul- 

7. The image reading device according to daun 1, fiirtita ^y^J^ accumulation time by a correction factor when an 
comprising a stepping motor conncrted ^ said conted ^5 ^ ^ ^ line seamier is not equal to 1 and 
device tiiat moves said line sensor in die auxihary scanmng '^'^^r^^^ of white diart data of the line 

diredion. « f« w.im 7 scanner is greater flian a standard value limit 

8. Tbc image readmg device according to daun 7, The method according to daim 17. wherein the 
wherein said stepping motor moves said Imc sensor m the • nmWpUed by a first factor and the 
auxiliary scanning direction by driving a carnage, said hne ^ ^^^^^^^^^^ time is rnuWplW 

sensor being mounted to said carnage. ^ metiiod according to claim 17, furtiier con^rising 

9. An image reading device, comiHising: ^ ' ^ 

sensor means for reading an iniage oaa ^""^ -J^J performing an adjustment of die image exposure data read 

in^^'^^^vel conection value s«mg means for adjusting the image exposure dala ftom the first look-up 

S^V^ vatae Of said ^^'^Jf^-^^^^^^^.^^^^^^ 

accumuMMi time of said sensor means in acc«Hdancc a maHmim "^'T^.''}^. ^aT^ is msau- 

wiA said resolution and said image signal level cor- ^^^^'^^^^ ^'^^ ^ 

^ I matdy equal to a mflximum gain vaiue. 

in^^TiZ!^ ««linB device according to claim 9, 65 2Z The method according to claim 17. fartteoominan^ 

Idtt^aoLnnlMion time Is multiplied by a se«.nd factot when a ma«mum output value of the white chart data « 
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greater than the standard value Limit and the gain is eppraxi- 
mately equal to 1. 

23. The method according to claim 17, whereiD said 
coiTecting step includes changing the caniage velocity a 
predetennined rnunber of levels and multiplying the accu- 
mulation time by a cooection factor when an output signal 
gain of the line scanner is not equal to 1 and the nmTinmm 
ou^ut value of the white chart data is greater than a standard 
value limit 

24. The method according to claim 23, herein said 
changing step includes lowering the gain by 1 level, deter- 
mining an ot>tained gain and an obtained accumulation time. 


8 


dcCcnnining a fTMrgimnrn value output of the white chart data 
using the obtained gain and the obtained aocunuilatioQ time, 
and creating a while standard measurement value to deter- 
mine the predetermined number of levels and die cccrection 
^ factor. 

25. The mdhod according to claim 24, further conqrising 
the step of decreasing caniage speed by n levels and 
multqilying the accumulatioD time by 2"^, wbctt n is an 
10 integer. 
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